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(54) FIBER- REINFORCED PL ASj^^BNTERM EDI ATE MATERIAL 

(11) 59-219364 (A) (43) 1MK984 (19) JP 

(21) AppK No. 58-95315 (22) 30.5.1983 

(71) MITSUBISHI RAYON K.K. (72) HIDEKI MORIISHK2) 

(51) Int. CI 3 . C08L67/06,C08G59/18,C08J5/24,C08L31/08,C08L63/10 



PURPOSE: To provide the titled intermediate material which has excellent storage 
stability, curability and adhesion and gives curved articles having good mecha- 
nical characteristics, by impregnating a reinforcing fiber with a specified resin 
compsn. 

CONSTITUTION: 95.5-50wt% mixture obtd. by mixing at last one compd. (A) 
selected from among an unsaturated polyester, a reaction product between a 
polyepoxide and an ethylenically unsaturated monomer and a diallyl phthalate 
polymer, an ethylenically or allylically unsaturated monomer (B) copolymerizable 
with component A and a polymn. catalyst (C) in a mixing ratio of 0 — 100/0-100/ 
0.5-5 is mixed with 4.5— 50wt% mixture obtd. by mixing a compd. (D) contg. an 
oxirane ring and a hardener (E) (excluding acid anhydride) for component D or a 
catalyst (F) in a mixing ratio of 0-100/0-40/1-5 to obtain a resin compsn. A 
reinforcing fiber is impregnated with this resin compsn. 



(54LJ^fc¥fiSSER AMIDE COPOLYMER RESIN COMPOSITION 
(1^9-2TS365 t^) (43) 10.12.1984 (19) JP 

(23^ppLN&>58-94666 (22) 27.5.1983 
(71) KTTRSRAY K.K. (72) MOTOO TAKAYANAGI(l) 

(51) Int. CI 3 . C08L77/12,C08K3/24,C08K3/34,C08K7/14//(C08L77/12,C08L71/02,C08L23/08) 



PURPOSE: To provide the titled compsn. having excellent mechanical strength and 
moldability at a low mold temp., consisting of a specified polyester amide copo- 
lymer, a reinforcing material or a filler, a carboxylate metal salt and a poly- 
alkylene glycol^ ^^^^^^ 

CONSTITUTION: U0 - 140pts.wt . ._reinfo.rcing^materjaJ „or. Jiller, e.g^ Jalc^QJl- 
20pts.wt. Na or K salt of a polymer, e.g. an ethylene/methacrylic acid copoly- 
mer, contg. carboxyJ^^jupj^iu£La^ 

stearic acid, and<5[i^Ms^ (wherein} 
R lf R,' are each lower alkyl; R 2 is a 2-4C alkylene; n is 5 or greaterHs blended 
with lOOpts.wt. polyester amide copolymer having an intrinsic viscosity of 0.5 — 
2.0 and composed of 0.05-20wt% poly amide block having 2-40 number- average 
repeating units of amide unit of formula I (wherein Ri, R 2 are each H, methyl/ 
and 99.95 -80wt% polyester block of formula II (wherein n is 2-4). 



(54) SILICONE COMPOSITION FOR MOLD RELEASE 
(11) 59-219366 (A) (43) 10.12.1984 (19) JP 

(21) Appl. No. 58-95495 (22) 30.5.1983 

(71) SHINETSU KAGAKU KOGYO K.K. (72) FUMIO OKADA(2) 
(51) Int. CP. C08L83/04,C08K5/02,C09J7/02//(C08L83/04,C08L83/08) 



PURPOSE: To provide the titled compsn. which is effective even in a small quanti- 
ty, by mixing an organohydrogen-polysiloxane, an organopolysiloxane contg. 
aliph. unsaturated hydrocarbon groups, a perfluoroalkyl group-contg. compd. and 
a platinum catalyst. 

CONSTITUTION: An organohydrogenpolysiloxane (A) having a siloxane unit of 
formula I (wherein R 1 is a monovalent satd. hydrocarbon group; a+bS3) in the 
molecular chain, an aliph. unsaturated hydrocarbon group-contg. organopolysilo- 
xane (B) having a siloxane unit of formula II (wherein R 2 is a monovalent 
aliph. unsaturated hydrocarbon group; R 3 is a monovalent satd. hydrocarbon 
group; c + d^3) in the molecular chain, a C 4 -C 20 perfluoroalkyl group-contg. 
compd. (C), e.g. perfluorooctylethylene, and a platinum (compd.) (D), e.g. a com- 
plex of chloroplatinic acid and a vinylsiloxane, are mixed together to obtain the 
desired silicon compsn. for mold release. 
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SPECIFICATION 



1. Title 



Copo lye ster amide Resin Composition 



2 . Claims 





lo A copolyester/amide resin composition comprising 



(A) 100 parts by weight of a copolyesteramide that is a random 



block copolymer comprising 0.05 to 20 weight % of polyamide blocks 
composed of amide units represented by the following formula (I) : 



(wherein R x and R 2 are hydrogen or methyl groups) and 99.95 to 80 
weight % of polyester blocks composed of ester units represented by 
the following formula (II) : 



(wherein n is an integer of 2 to 4), said random block copolymer 
having an intrinsic viscosity of 0.5 or higher and the average 
number of the consecutive repeating amide units in said polyamide 
blocks being 2 to 40, 
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(B) 10 to 140 parts by weight of a reinforcing or filling 
substance, 

(C) 0.05 to 20 parts by weight of a sodium or potassium salt 
of a carboxylic acid having 7 to 25 carbon atoms or a sodium or 
potassium salt of a polymer that contains carboxyl groups, and 



(D) 0.1 to 10 parts by weight of polyalkylene glyco 
represented by .the formula 





RiCHR 2 0> n R' i 

(wherein R x and R' x are hydrogen or lower alkyl groups, R 2 is an 
alkylene group having 2 to 4 carbon atoms, and n is an integer of 5 
or larger . ) 

2. A composition as set forth in Claim 1, wherein component C 
is a sodium or potassium salt of a polymer that contains carboxyl 
groups 

3. A composition as set forth in Claim 1, wherein R 2 and R' 1 
of component D are lower alkyl groups . 

4. A composition as set forth in Claim 1, wherein a minimum /440 
of 30 mol % of the dicarboxylic acid residues that constitute the 
polyamide blocks in component A is isophthalic acid and/or 
orthophthalic acid residues. 

5. A composition as set forth in Claim 5 [sic], wherein the 
average number of consecutive repeating amide units of the 
polyamide blocks in component A is 2 to 5 . 
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6. A composition as set forth in Claim 1, wherein 30 mol % or 
more of the dicarboxylic acid residues that constitute the 
polyamide blocks in component A is isophthalic acid residues, and 
the remainder is orthophthalic acid residues. 

7* A composition as set forth in Claim 1, wherein the 
polyamide blocks of component A contribute 0.1 to 5 weight % of the 
weight of the composition. 

8« A composition as set forth in Claim 1, wherein the 
polyamide blocks of component A contribute 0.2 to 2 weight % of the 
weight of the composition. 

9o A composition as set forth in Claim 1, wherein the diamine 
residues of the polyamide blocks of component A are piperazine 
residues . 

10 o A composition as set forth in Claim 1, wherein the n of 
the diol residues of the polyester blocks in component A is 2 . 
3 . Detailed Description of the Invention 

The present invention pertains to a filler-reinforced 
copolyesteramide resin composition having excellent moldability and 
physical properties. More specifically, it pertains to a novel 
filler-reinforced copolyesteramide resin composition that 
demonstrates excellent moldability at a low mold temperature of 
100° C or below and that, at the same time, yields molded articles 
with improved mechanical strengths. 
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Polyethylene terephthalate (hereinafter referred to as PET) 
has excellent heat resistance, chemical resistance, mechanical 
characteristics, and electrical characteristics and are used as 
fibers, films, etc., in many industrial products. PET reinforced 
with inorganic fillers, such as glass fibers, etc., in particular, 
exhibits remarkable improvements in its thermal properties and 
mechanical properties and has been widely used in the field of 
engineering plastics, etc., in recent years. 

However, it is known that the use of filler-reinforced PET as 
injection-molding material presents critical weaknesses in its 
moldability and physical properties due to the crystallization 
behavior of the PET. More specifically speaking, because PET has a 
low rate of crystallization at low temperatures, it is difficult to 
produce highly crystallized products by injection molding at a mold 
temperature of, for example, 130° C or lower, only yielding molded 
products with poor surface hardness. Moreover, when the obtained 
products are used at a temperature higher than the secondary 
transition point, crystallization progresses, thus causing poor 
shape stability. In addition, PET does not crystallize uniformly 
inside a mold, causing surface roughness; thus, it has many 
problems when used as an injection-molding resin. There is a 
method according to which shaping is carried out at a mold 
temperature of 50° C or thereabouts to obtain shaped products in 
which PET has hardly been crystallized, and the shaped products are 
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subsequently heat treated. This method, however, has not only poor 
process efficiency but also shortcomings in that the shaped 
products are crystallized by the heat treatment, resulting in 
shrinkage in volume or shape change. Therefore, molding of PET is 
usually carried out with the use of special-type molding machines 
that can yield a mold temperature higher than 130° C. Such molding 
machines are not common, and there is a demand for a PET resin that 
is suitable for molding with commonly used molding machines, which 
use a mold temperature below 90 to 110° C. 

In an attempt to solve the aforesaid problems, various methods 
have been proposed to increase the rate of crystallization of PET 
at low temperatures. Japanese Patent Published Examined 
Application No. 47-3027 proposes a method according to which gypsum 
or talc and a diether of polyalkylene glycol are blended in 
polyester. Although the PET obtained according to this method has 
improved moldability in comparison with common PETs, the 
improvement is not satisfactory, and it is still difficult to form 
with molds with temperatures at 100° C or below. Published 
Unexamined Application No. 54-158452 teaches a method according to 
which PET is mixed with a sodium or potassium salt of a long-chain 
aliphatic carboxylic acid or a sodium or potassium salt of an 
organic polymer having suspended carboxyl groups and an aromatic 
carboxylic acid ester. According to this method, forming can be 
carried out with molds with temperatures at 100° C or below, but 
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additives readily 

vaporize during forming and create white fumes, thus decreasing /441 
operability frequently, and, in addition, the surface luster of the 
resulting shaped articles deteriorates. Various other methods are 
also proposed, but none has achieved satisfactory effects in 
moldability improvement. 

The present inventors conducted extensive research to obtain 
additives that have a low- temperature-crystallization-promoting 
effect, which can sufficiently promote the crystallization of a PET 
even at a mold temperature of 100° C or below, and that are free of 
the aforesaid shortcomings and, as a result, found that the 
objectives can be attained by using a copolyesteramide prepared by 
modifying a PET with a polyamide oligomer having a specific 
structure in combination with a reinforcing or filling substance, a 
sodium or potassium salt of a carboxylic acid having 7 to 25 carbon 
atoms or a sodium or potassium salt of a polymer having carboxyl 
groups, and a polyalkylene glycol compound, thus achieving the 
present invention . 

That is, the present invention is a copolyesteramide 
composition comprising: 

(A) 100 parts by weight of a copolyesteramide that is a random 
block copolymer comprising 0.05 to 20 weight % of polyamide blocks 
composed of amide units represented by the following formula (I) : 




0 



(1) 
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(wherein R x and R 2 are hydrogen or methyl groups) and 99.95 to 80 
weight % of polyester blocks composed of ester units represented by 
the following formula (II) : 

O 0 ! 

(wherein n is an integer of 2 to 4) , said random block copolymer 
having an intrinsic viscosity of 0.5 or higher and the average 
number of the consecutive repeating amide units in said polyamide 
blocks being 2 to 40, 

(B) 10 to 140 parts by weight of a reinforcing or filling 
substance, 

(C) 0.05 to 20 parts by weight of a sodium or potassium salt 
of a carboxylic acid having 7 to 25 carbon atoms or a sodium or 
potassium salt of a polymer that contains carboxyl groups, and 

(D) 0.1 to 10 parts by weight of polyalkylene glycol 
represented by the general formula: 

RiCMRaOKR'x 

(wherein R x and R' x are hydrogen or lower alkyl groups, R 2 is an 
alkylene group having 2 to 4 carbon atoms, and n is an integer of 5 
or larger . ) 

The polyester blocks constituting the copolyesteramide of the 
present invention are an aromatic polyester obtained from 
telephthalic acid or ester- forming derivative thereof and a 
straight-chain aliphatic diol having 2 to 4 carbon atoms, and they 
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are either polyethylene terephthalate, polypropylene terephthalate, 
or polybutylene terephthalate. Of these, polyethylene 
terephthalate is preferable because it can yield shaped products 
having extremely high strength and high elastic modulus. Such an 
aromatic polyester may be one with up to 20 mol % of the 
terephthalic acid component and/or diol component substituted with 
other dicarboxylic acids and/or diols. Examples of such 
dicarboxylic acids include isophthalic acid, orthophthalic acid, 
diphenyldicarboxylic acid, diphenoxy ethane dicarboxylic acid, 
succinic acid, adipic acid, sebacic acid, and dodecanedioc acid. 
Examples of such diols include neopentyl glycol, 1,4- 
cyclohexanediol, 1 , 4-cyclohexanedimethanol , diethylene glycol, and 
polyethylene glycol. 

According to this invention, the amide units constituting the 
polyamide blocks are those whose dicarboxylic acid component is 
isophthalic acid, orthophthalic acid, or terephthalic acid. The 
preferred amide units are those in which a minimum of 30 mol % of 
the dicarboxylic acid component is composed of isophthalic acid 
and/or orthophthalic acid. Such amide units permit the 
copolymerization reaction to be effected easily, as will be 
mentioned later. The diamine component is piperazine or a ring- 
substituted derivative thereof, some examples of which include 
methyl piperazine and tr ans -2 , 5 -dimethyl piperazine. Up to 40 /442 
mol % of the dicarboxylic acid component constituting the amide 
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units may be substituted with other dicarboxylic acids, such as 
oxalic acid, succinic acid, and adipic acid. Up to 10 mol% of the 
diamine component may be substituted with other diamines, such as 
o-phenylenediamine, m-phenylenediamine, p-phenylenediamine, 2 , 4- 
toluenediamine, 2 , 6-toluenediamine, 3 , 4-toluenediamine, 1, 5- 
naphthylenediamine, 1, 8-naphthylenediamine, p,p ' - 
diaminodiphenylme thane, 4,4' -diaminodiphenylether , 3,3'- 
diaminodiphenylsulf one, 4,4' -diaminodiphenylsulf one, isophthalic 
dihydrazide, terephthalic dihydrazide, and other aromatic diamines; 
1, 4-cyclohexanediamine and other alicyclic diamines; and 
hexamethylenediamine and other aliphatic diamines. 

According to this invention, the polyamide blocks should be 
such that the average number of the repeating amide units therein 
is 2 or larger. If the average number of the repeating units is 
less than 2, no satisfactory results are produced, and there will 
not be obtained a copolymer having a high crystallization speed at 
a low mold temperature. The upper limit of the average number is 
not specifically limited, but an average number greater than 40 is 
not preferable because the copolymerization with polyester becomes 
difficult. As to the polyester blocks, there is no specific limit 
in the average number of the repeating units; but 20 to 500 is 
preferable . 

The copolyesteramide of this invention should be composed of 
0.05 to 20 % by weight of polyamide blocks and 99.95 to 80 % by 
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weight of polyester blocks. If the quantity of polyamide blocks is 
less than 0.05 % by weight, no satisfactory results are produced. 
A quantity greater than 0.05 % by weight can produce notable 
effects, and, with a quantity above 0.1 % by weight, the resulting 
copolymer has almost the same low- temperature crystallization speed 
regardless of the ratio of copolymerization . It is a main feature 
of this invention that a marked effect is produced even with a 
small quantity of polyamide blocks. A quantity of polyamide blocks 
exceeding 20 % by weight is not desirable because the 
poly condensation reaction does not progress smoothly, and, 
consequently, a copolymer with a high degree of polymerization 
cannot be obtained. Therefore, the polyamide blocks in the 
copolymer should preferably be in the range of 0.05 to 20 %, more 
suitably 0.1 to 5 %, and most suitably 0.2 to 2 %, by weight. 

The copolyesteramide of this invention should have an 
intrinsic viscosity higher than 0.5, when measured in 
phenol/ tetrachloroethane (1/1 by volume) at 25° C. An intrinsic 
viscosity lower than 0.5 cannot yield a copolymer that has 
satisfactory qualities in practical use. There is no specific 
upper limit, but a copolymer having an intrinsic viscosity higher 
than 2.0 is difficult to produce. 

The copolyesteramide of this invention can be produced by the 
method described in the following. That is, it is produced by 
dissolving a polyamide oligomer having the repeating unit 
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represented by formula I and having an average degree of 



polymerization of 2 to 40 




(I) 



(wherein and R 2 are hydrogen or methyl groups) in a polyester 
precursor represented by formula III 



HD^-CUa-) h O-C--Q-C-OHeCHj^ l QH CE) j 

(wherein n is an integer of 2 to 4) or a low polycondensate thereof 
and subsequently by performing a polycondensation reaction. The 
polyester precursor represented by formula III or a low 
polycondensate thereof can be produced by the esterif ication or 
transesterif ication of the polyester raw materials, that is, 
terephthalic acid or an ester-forming derivative thereof and an 
aliphatic diol. The esterif ication or transesterif ication can be 
carried out under the conditions normally used for the production 
of polyester. The melt of the resulting polyester precursor or low 
polycondensate thereof is capable of dissolving the polyamide 
oligomer easily by simple addition and mixing. The low 
polycondensate mentioned here is one having an intrinsic L 
viscosity lower than 0.2. It does not pose any problem for the 
polyester precursor or low polycondensate thereof to contain their 
raw materials, which are terephthalic acid or an ester- forming 
derivative thereof or an aliphatic diol. 



o 
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The polyamide oligomer having the repeating unit represented 
by formula I should be end-blocked mostly (90% or more) with 
carboxyl groups or ester- forming groups derived from carboxyl 
groups. This is preferable from the standpoint of reactivity and 
miscibility with the polyester precursor. The ester-forming groups 
derived from carboxyl groups include lower alkyl esters, such as 
methyl ester, ethyl ester, and hydroxyethyl ester, and esters of 
phenol or phenol derivatives. In the case wherein more than 70 mol 
% of the dicarboxylic acid component constituting the polyamide 
oligomer is terephthalic acid, it is necessary that at least 50% of 
the terminals of the molecular chains should have phenol derivative 
residues represented by formula IV below connected to them. In 
addition, the polyamide oligomer should have an average degree of 
polymerization of 2 to 5 . 



(wherein either of R 3 or R 4 is an alkyl group having 3 to 5 carbon 
atoms while the other is hydrogen, and R 5 is hydrogen, a lower 
alkyl group, or a lower alkoxy group.) 

If the above group is not connected to the end of the 
molecular chain or if the proportion of the connection is less than 
50%, the copolymer ization with polyester will be difficult. If the 
average degree of polymerization of the oligomer exceeds 5, the 
copolymerization with polyester by melt polycondensation will be 
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difficult to carry out. In such a case, it is necessary to employ 
the following special process. Namely, the polyamide oligomer is 
dissolved in a solvent, such as dimethylacetamide, 
dimethyl f ormamide , N-methylpyrrolidone , and 

hexamethylphosphoramide, and polyalkylene terephthalate or an 
oligomer thereof is dissolved in a solvent, such as 
dimethylsul f oxide . Both of the resulting solutions are mixed 
uniformly, and the mixture is mixed with a non-solvent, such as 
water, alcohol, etc., so that the polyamide oligomer and the 
polyalkylene terephthalate or oligomer thereof precipitate in the 
form of a uniform solid mixture. After the separation of solvent, 
the precipitates undergo solid-phase polycondensation to yield a 
copolymer . 

The group represented by the above formula (IV) should be such 
that either R 3 or R 4 is an alkyl group having 3 to 5 carbon atoms. 
Such a substituting group attaching to the end of the molecular 
chain improves the solubility of the polyamide oligomer and makes 
it soluble in the polyester precursor. The alkyl group having 3 to 
5 carbon atoms includes n-propyl, iso-propyl, n-butyl, iso-butyl, 
tert-butyl, n-pentyl, and iso-pentyl groups. The ideal among them 
is the tert-butyl group. R 5 is hydrogen, a lower alkyl group, or a 
lower alkoxyl group . 

In the case where at least 30 mol % of the dicarboxylic acid 
component constituting the polyamide oligomer is phthalic [sic] 
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acid and/or orthophthalic acid, the above-mentioned limit is not 
applied, and it is satisfactory if the terminals of the molecular 
chains are mostly carboxyl groups or ester- forming groups derived 
from the carboxyl groups. Therefore, this is advantageous for the 
production of the copolymer. 

The polycondensation reaction, which is performed after the 
polyamide oligomer has been dissolved in a polyester precursor or 
low polycondensate thereof, may be performed under the same 
conditions as for the normal polycondensation of polyesters. 
Namely, the polycondensation reaction is performed under vacuum at 
a temperature slightly higher than the melting point of the 
polyester in the presence of an antimony compound, a titanium 
compound, a germanium compound, or a zinc compound as a catalyst. 
The reaction may be combined with solid-state polymerization, if 
required. The polycondensation reaction brings about the 
polycondensation of polyester and the condensation of polyester and 
polyamide oligomer, to yield the polyesteramide block copolymer of 
this invention. The polyamide oligomer added is mostly 
copolymerized with polyester without being decomposed. Therefore, 
it is possible to prepare a copolymer of desired composition by 
adjusting the quantity of polyamide oligomer added. Usually, the 
polyamide oligomer is added in an amount of 0.05 to 25 parts by 
weight for 100 parts by weight of polyester (the quantity of /444 
polyester to be obtained when the polyester precursor alone is 
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polymerized) . The average number of consecutive repeating amide 
units in the polyamide block in the copolymer coincides 
approximately with the average degree of polymerization of the 
polyamide oligomer to be used. 

The polyamide oligomer can be synthesized by mixing and 
reacting a chloride of an aromatic dicarboxylic acid selected from 
terephthalic acid, isophthalic acid, and orthophthalic acid, and 
piperazine or a ring-substituted derivative thereof. It is 
desirable to perform the reaction in a proper solvent, such as 
halogenated hydrocarbons (e.g., methylene chloride, chloroform, 
dichloroethane, etc.), benzene, n-hexane, dimethylacetamide, 
dimethyl f ormamide , N-methylpyrrolidone , hexamethylphosphoramide , 
and mixtures thereof. These solvents should be incorporated with a 
tertiary amine, such as triethylamine, tri-n-propylamine, tri-n- 
butylamine, N-ethylpiperidine, and N-ethylmorpholine, so that the 
reaction proceeds smoothly. In addition, the reaction may be 
performed in the presence of a monovalent or divalent lower 
aliphatic alcohol, phenol, or a monovalent or divalent phenol 
derivative or in the presence of an aromatic dicarboxylic acid 
chloride monoester (preferably an ester of a monovalent or divalent 
lower aliphatic alcohol, phenol, or a monovalent or divalent phenol 
derivative) . This permits the production of polyamide oligomer 
having the terminal ester bond. Moreover, by selecting the 
quantity properly, it is possible to adjust the degree of 
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polymerization of the polyamide oligomer. In the case where more 
than 70 mol % of the dicarboxylic acid component in the polyamide 
oligomer is terephthalic acid, it is necessary to use a phenol 
derivative of the general formula: 



or a monoester of said derivative and terephthalic acid chloride so 
that the group represented by the above formula (IV) is connected 
to more than 50 % of the terminals of the molecular chains of the 
polyamide oligomer . 

The reaction to form the polyamide oligomer proceeds as soon 
as the raw materials are mixed. The reaction temperature should 
preferably be lower than room temperature, and more suitably about 



The above-mentioned aromatic dicarboxylic acid chloride 
monoester is prepared by reacting an aromatic dicarboxylic acid 
chloride with an alcohol or phenol. To carry out the 
esterif ication reaction smoothly, it is recommended to add a 
tertiary amine, such as triethylamine, tri-n-propylamine, tri-n- 
butylamine, N-ethylpiperidine, and N-ethylmorpholine . The 
resulting aromatic dicarboxylic acid chloride monoester may be used 
as such or after purification. If an aromatic dicarboxylic acid 
chloride is added to the reaction product or added in excess 
initially to the reaction system, it can be readily used for the 




0° C. 
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reaction with piperazine or a ring-substituted derivative thereof. 
The aromatic dicarboxylic acid chloride monoester should preferably 
be used in an amount of 0.1 to 2.0 mol for 1 mol of the aromatic 
dicarboxylic acid chloride. Generally speaking, the greater the 
quantity of the aromatic dicarboxylic acid chloride monoester used, 
the lower the degree of polymerization of the polyamide oligomer. 
Conversely, the less aromatic dicarboxylic acid chloride monoester 
that is used, the higher the degree of polymerization of the 
polyamide oligomer. Since the reaction proceeds almost 
stoichiometrically, the aromatic dicarboxylic acid chloride and 
piperazine or ring-substituted derivative thereof should preferably 
be used in such amounts that --COC1 groups and amino groups are 
nearly equal in the entire reaction system including the aromatic 
dicarboxylic acid chloride. 

Whether the reaction of polyester and polyamide oligomer has 
formed the intended polyesteramide block copolymer may be confirmed 
by the following method. Namely, the resulting polymer is 
dissolved in a mixed solvent of phenol/ tetrachloroe thane, and /445 
then n-heptane, which is a non-solvent for the polymer, is added 
until the solution becomes apparently cloudy. The solution is then 
centrifuged to separate it into two layers. The lower thick layer 
is discharged and placed in a large quantity of methanol to 
precipitate a polymer. This operation removes unreacted polyamide 
oligomer, if any. The precipitated polymer is then subjected to 
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infrared spectrometry. Absorption at the vicinity of 1630 cm" 1 , 
which is due to the C=0 stretching vibration of piperazineamide, 
indicates the presence of polyamide. The composition of the 
copolymer can be determined according to the nitrogen content 
obtained by elemental analysis. The average number of consecutive 
repeating amide units can be predicted indirectly from the degree 
of polymerization of the polyamide oligomer used as a raw material. 
It can also be obtained directly by a high-resolution NMR spectrum. 
That the amide units are copolymerized in the form of blocks in the 
polymer is confirmed by the fact that the melting point decreases 
very little as the result of copolymerization and that the phase- 
separated configuration is observed in the polymer melt under a 
microscope . 

Some examples of the reinforcing or filling substance (B) 
employed in the present invention include silicates, such as talc, 
clay, kaolin, mica, asbestos, wollastonite, calcium silicate, etc.; 
inorganic fillers, such as silica, gypsum, graphite, etc.; and 
fibrous reinforcements, such as glass fiber, carbon fiber, graphite 
fiber, metal carbide fiber, metal nitride fiber, Aramid fiber, and 
phenolic resin fiber. These reinforcing or filling substances may 
be used individually or in combination of two or more kinds. They 
may also be used as such or may be surface treated or treated with 
a sizing agent before use. Of the above-mentioned reinforcing or 
filling substances, glass fiber or a combination of glass fiber and 
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mica is preferable because it can improve the heat resistance and 
mechanical properties of the resulting molded products remarkably. 
The proportion of the reinforcing or filling substance (B) is 10 to 
140 parts by weight for 100 parts by weight of the copolyesteramide 
(A) . A proportion less than 10 parts by weight does not yield 
sufficient effects, whereas a proportion exceeding 140 parts by 
weight causes the fluidity of the system to decrease, which makes 
it difficult to form the resulting composition. 

Some examples of the present invention's component C, a sodium 
or potassium salt of a carboxylic acid having 7 to 25 carbon atoms 
or a sodium or potassium salt of a polymer containing carboxyl 
groups include sodium or potassium salts of stearic acid, 
pelargonic acid, behenic acid, etc.; sodium or potassium salts of 
copolymers of olefins and acrylic or methacrylic acid, such as an 
ethylene/methacrylic acid copolymer, ethylene/acrylic acid 
copolymer, etc.; and sodium or potassium salts of copolymers of 
aromatic olefins and maleic anhydride, such as a styrene/maleic 
anhydride copolymer, etc. Of these, sodium or potassium salts of 
polymers containing carboxyl groups are preferably employed here 
because the viscosity of the polyester resin when shaped does not 
decrease much. In the above-mentioned copolymers, the olefins or 
aromatic olefins contribute preferably 50 to 98 %, better yet, 80 
to 98 %, by weight of the copolymer. The ideal polymer here is a 
sodium salt of ethylene/methacrylic acid copolymer. Component C 
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should be incorporated in an amount of 0.05 to 20 parts by weight, 
preferably 0.1 to 10 parts by eight, for 100 parts by weight of the 
copolyesteramide (A) . If this amount exceeds 20 parts by weight, 
the mechanical properties of the resulting molded article is 
sacrificed, whereas below 0.05 parts by weight does not improve the 
moldability as much as desired. 

As examples of this invention's polyalkylene glycol (D) of the 
general formula: 

RiCMRaOKR'i 

(wherein R x and R' 1 are hydrogen or lower alkyl groups, R 2 is an 
alkylene group having 2 to 4 carbon atoms, and n is an integer of 5 
or larger) , there may be mentioned polyethylene glycol, 
polypropylene glycol, polytetramethylene glycol, and their mono- or 
dialkyl ethers (for example, monomethyl or dimethyl ethers, 
monoethyl or diethyl ethers, monopropyl or dipropyl ethers, and 
monobutyl or dibutyl ethers) . It is preferable to use a 7446 
polyalkylene glycol that forms alkyl ethers at both ends because 
the intrinsic viscosity of the copolyesteramide is then not 
decreased much at molding. The use of monoalkyl ethers that form 
ethers at only one end or polyalkylene glycols having hydroxyl 
groups at both ends results in a substantial reduction in the 
intrinsic viscosity of the copolyesteramide at molding, and, to 
avoid this result, it becomes necessary to use a copolyesteramide 
having a higher degree of polymerization. The degree of 
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polymerization (n) of component D must not be less than 5. When n 
is less than 5, component D tends to bleed on the surface of the 
molding. The proportion of component D is 0.1 to 10 parts by- 
weight, preferably 1 to 5 parts by weight per 100 parts by weight 
of copolyesteramide A. When the proportion exceeds 10 parts by 
weight, the rigidity of the molding is sacrificed. If the 
proportion is less than 0.1 part by weight, the moldability is not 
improved as much as desired. 

Since the composition according to the present invention shows 
a high rate of crystallization even at a comparatively low 
temperature, molding at a mold temperature of about 80 to 100° C, 
which is commonly used for the molding of general -purpose 
thermoplastic resins, results in a shaped article well and 
uniformly crystallized up to the surface layer and having an 
excellent surface gloss even in a short in-mold residence time, 
Moreover, the resulting shaped article is not only excellent in 
dimensional stability and shape stability with a minimum of curling 
but also shows high heat resistance. 

In addition to the above-mentioned components, the 
compositions of the invention may be formulated with various 
additives that are commonly used in polyester resins. For example, 
colors, mold releases, oxidation inhibitors, ultraviolet absorbers, 
flame retardants and so forth can be incorporated as required. 
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The compositions of the present invention are formulated by 
blending the components by any known means. For example, the 
copolyesteramide is blended with components B, C, and D in any 
suitable blender or rotary mixer, and the mixture may be melt- 
extruded, or, at the final stage of the polymerization of the 
copolyesteramide, components B, C, and D may be added to the melted 
resin, which is then extruded directly. There are other methods 
applicable to the invention: for example, a method of melt-kneading 
components C and D in the copolyesteramide and subsequently mixing 
component B into the mixture and a method wherein components C and 
D are melt-kneaded in the copolyesteramide that contains component 
B. 

The compositions of the present invention do not require 
special molding methods or reaction conditions and can be molded 
under conditions similar to those used for the molding of common 
thermoplastic resins . 

Reference Example 1 [Synthesis of Polyamide Oligomer] 

In a 3 00 -ml four-neck flask equipped with a dropping funnel, 
nitrogen gas inlet, reflux condenser, and stirrer was placed 150 ml 
of methylene chloride. In the methylene chloride were dissolved 
0.048 mol of anhydrous piperazine, 0.012 mol of catechol, and 10 ml 
of triethylamine in a nitrogen stream at room temperature. 50 ml 
of methylene chloride solution containing 0.030 mol of 
terephthaloyl chloride and 0.030 mol of isophthaloyl chloride was 
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added drop by drop to the flask for 30 minutes at room temperature. 
The reaction was carried out at room temperature for 30 minutes. 

Thereafter, the methylene chloride was distilled away, and the 
resulting residue was washed thoroughly with water and vacuum dried 
to yield a polyamide oligomer. 

This polyamide oligomer was found to have an average degree of 
polymerization n=3 . 0 by proton NMR spectrum in which the absorption 
of phenyl proton adjacent to the carboxylic acid or carboxylic 
ester that appears in the neighborhood of 5=8.0 ppm was compared 
with the absorption of other phenyl protons that appears in the 
region of 5=7.0 ppm to 5=8.0 ppm. 

Reference Example 2 [Synthesis of bis- (3 hydroxyethyl terephthalate 

(BHET) ] 

In a 500-ml three-neck flask were placed 204 g of dimethyl 
terephthalate, 150 g of ethylene glycol, and 0.33 g of calcium 
acetate, and the reactants were heated to 180° C in a nitrogen 
stream to carry out the reaction for 4 hours, thereby obtaining 
BHET. 

Reference Example 3 [Synthesis of Copolyesteramide] 

In a 200-ml three-neck flask equipped with a nitrogen gas 
inlet, air condenser, and stirrer were placed 38 g of the BHET 
obtained in Reference Example 2, 4 mg of triphenyl phosphate, and 
10 mg of antimony trioxide, and the reactants were heated at 220° C 
in a nitrogen stream using an oil bath so that the BHET was melted. 
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In this condition, the powdery polyamide oligomer prepared in J 

Reference Example 1 was added in an amount of 0.5 % by weight of ! 

the BHET and stirred for 10 minutes. The oligomer was /447 

dissolved in the BHET, and the reactants became a colorless 

transparent melt. Thereafter, the reaction system was evacuated 

slowly to 5 mmHg while keeping the oil bath at 220° C. Then the 

oil bath was heated to 280° C, and the reaction system was 

evacuated to below 0.5 mmHg. Under this condition, polymerization 

was carried out for 2 hours to yield the copolyesteramide . Its 

intrinsic viscosity (r\) measured in phenol and tetrachloroethane 

(1:1 by volume) at 25° C was 0.89. 

In order to confirm that the resulting polymer is a copolymer 
of polyester and polyamide, the following experiment was carried 
out. 0.20 g of the obtained polymer was dissolved in 20 ml of 
mixed solvent of phenol/ tetrachloroethane . About 19 ml of n- 
heptane was added to this solution until the solution became 
apparently cloudy. The solution was then centrifuged to separate 
it into two layers. The lower layer was collected and poured into 
a large amount of methanol to precipitate the polymer. After 
filtration and drying, the polymer was subjected to infrared 
spectrometry. For comparison, 0.18 g of polyethylene terephthalate 
homopolymer and 0.020 g of polyamide oligomer were dissolved in a 
mixed solvent of phenol/ tetrachloroethane . The resulting solution 
was treated in the same way as above, and the separated polymer was 
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subjected to infrared spectroscopy. 

The polymer obtained in this example showed absorption at 1630 
cm' 1 , which was due to the C=0 stretching vibration of 
piperazineamide, whereas the polyethylene terephthalate homopolymer 
or a simple mixture of this and a polyamide oligomer did not show 
such absorption in their infrared absorption spectrum. Thus, it 
was confirmed that the polymer prepared by reacting the polyamide 
oligomer with BHET contained copolymerized polyamide. 

Furthermore, the polymer was melted at 280° C, and the melt 
was observed under an optical microscope of 200 magnifications. In 
the case of the polyethylene terephthalate homopolymer, the phase- 
separated configuration was not observed, whereas, in the case of 
the polymer obtained in this example, the fine grainy phase- 
separated configuration was observed. These observation results 
indicate that the resulting polymer was a block copolymer. In 
addition, the fact that the melting point of the polymer did not 
fall at all even when the content of the polyamide block was varied 
suggests that the resulting polymer was a block copolymer. 

The following illustrates the present invention further, 
referring to working examples. Unless otherwise indicated, all 
parts are by weight. 
Working Example 1 

After 100 parts of the copolyesteramide (intrinsic viscosity: 
0.89) obtained in Reference Example 3, 8 parts of a sodium salt of 



26 



an ethylene /me thacry lie copolymer (Sarlin 1701, a product of Mitsui ; 
Polychemical Co.), 3 parts of polyethylene glycol dimethylether 

(average molecular weight of the polyethylene glycol moiety: 1000), 
and 50 parts of glass fiber (CS3PE475, a product of Nitto Boseki 
Co., sized chopped strand, cut length: 3 mm) were premixed, the 
mixture was charged into the hopper of a 40 mm-diameter extruder 

(Model 8VSE-40-28, a product of Osaka Seiki Kosakusha) . The 
mixture was melted and extruded at a cylinder temperature of 250- 
275-275-275° C, an adaptor temperature of 265° C, and a die 
temperature of 265° C. The extrusion was conducted smoothly, and 
pellets in which glass fibers were well dispersed were obtained. 
After the obtained pellets were vacuum-dried at 120° C for 15 
hours, test pieces were formed with an injection molding machine 

(Model V-15-75, a product of Nikko Ankerberg Co.) that was set at a 
cylinder temperature of 240-260-280° C, a die temperature of 280° 
C, and a mold temperature of 90° C. In spite of being formed with 
a low- temperature mold, the test piece showed good moldability. 

The surface smoothness of the test pieces and the degree of 
crystallinity (measured by X-ray analysis) of the copolyesteramide 
at the surface are set forth in Table 1. 
Comparative Example 1 

Except that the copolyesteramide in Working Example 1 was 
replaced with a polyethylene terephthalate photopolymer (intrinsic 
viscosity: 0.85), a composition was prepared and shaped in the same 
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manner as in Working Example 1. In spite of being formed with a 
low- temperature mold, the test piece showed good moldability, but 
the degree of crystallinity at the surface was better in Working 
Example 1, which used the copolyesteramide . 
Working Example 2 

Except that the sodium salt of ethylene/methacrylic acid 7448 
copolymer in Working Example 1 was replaced with 0.7 parts of 
sodium stearate, the shaping was conducted in the same conditions 
as those in Working Example 1. The surface smoothness and degree 
of crystallinity of the obtained molded article are set forth in 
Table 1. 

Working Example 3 

Except that a copolyesteramide having an intrinsic viscosity 
of 1.01 was used and that the polyethylene glycol dimethyl ether in 
Working Example 1 was replaced with 3 parts of polyethylene glycol 
(average molecular weight: 1000), the shaping was conducted under 
the same conditions as those in Working Example 1. The physical 
properties of the obtained molded article are set forth in Table 1. 
When polyethylene glycol whose terminals were not formed into 
dialkyl ethers was used, the intrinsic viscosity of the resulting 
copolyesteramide decreased significantly. 
Working Example 4 

Except that the glass fiber in Working Example 1 was replaced 
with 50 parts of mica, the shaping was conducted under the same 



28 



conditions as those in Working Example 1. The physical properties 
of the obtained molded article are set forth in Table 1. 



TABLE 1 





Surface 
Smoothness 


Degree of 
Crystallinity 
(%) 


Intrinsic Viscosity of 
Copolyesteramide After Molding 
(g/dl) 


Working 
Example 1 


0 


25 


0.68 


2 


0 


30 


0.62 


3 


0 


28 


0.62 


4 


0 


26 


0.66 


5 


0 


28 


0.67 


Comparative 
Exampl e 1 


0 


11 




2 


X 


0 


0.68 


3 


X 


0 


0. 67 



Comparative Example 2 

Except that the incorporated quantity of polyethylene glycol 
dimethylether in Working Example 1 was changed to 0.09 part, the 
shaping was conducted under the same conditions as those in Working 
Example 1. The obtained molded article had uneven surfaces and was 
not suitable for practical use. 
Comparative Example 3 

Except that the incorporated quantity of the sodium salt of 
ethylene/methacrylic acid copolymer in Working Example 1 was 
changed to 0.04 part, the shaping was conducted under the same 
conditions as those in Working Example 1. As in Comparative 
Example 2, the obtained molded article had uneven surfaces. 
Comparative Example 4 

Except that the incorporated quantity of polyethylene glycol 
dimethylether in Working Example 1 was changed to 11 parts, the 



shaping was conducted under the same conditions as those in Working 
Example 1. The flowability of the resin at the time of molding was 
good, and the surface smoothness of the molded article was also 
good. However, because the plasticizer was used too much, the 
product lacked rigidity. 
Comparative Example 5 

Except that the polyethylene glycol dimethylether in Working 
Example 1 was replaced with 3 parts of polyethylene glycol 
dimethylether whose polyethylene glycol moiety had an average 
molecular weight of 400, the shaping was conducted under the same 
conditions as those in Working Example 1. The surface smoothness 
and degree of crystallinity of the molded article are set forth in 
Table 1. 

As explained using the working examples, even with injection 
molding that employs molds at a low temperature of 100° C or below, 
the degree of crystallinity of the compositions of the present 
invention progresses at the resin surface, and they yield molded 
articles with excellent surface smoothness. 
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